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INTRODUCTION 

Catalyt ic  a c t i v i t y  loss dur ing  t h e  gasif icat ion reaction has  a grea t  
p r a c t i c a l  importance.  The f a c t o r s  control l ing t h e  d e a c t i v a t i o n  
process a r e  d i f f i c u l t  t o  s tudy  due t o  t h e  d i f f i c u l t y  of f ix ing  a l l  
t h e  var iables  re la ted  w i t h  t h e  catalyt ic  ac t iv i ty  and to  t h e  laclc of 
a simple technique  able t o  evaluate "in s i tu"  t h e  changes undergone 
by t h e  ca ta lys t  d u r i n g  t h e  reaction. 

In  t h i s  sense t h e  deact ivat ion of a gasif icat ion ca ta lys t  h a s  not  
been e x t e n s i v e l y  i n v e s t i g a t e d  a n d  is, w i t h o u t  a p p r o p i a t e  
experimental  s u p p o r t ,  generally r e l a t e d  t o  (1,2): a)  t h e  minera l  
mater content  of t h e  carbon, b) t h e  available in te rna l  surface a r e a  
of t h e  carbon, c) t h e  ca ta lys t  addi t ion  method and d) t h e  ca ta lys t  
nature. 

Curren t ly  it is well accepted t h a t  calcium is a good ca ta lys t  f o r  
t h e  carbon-gas reac t ions  (3) b u t  deac t iva tes  more severe ly  t h a n  
potasium (4). These resu l t s  were i n t e r p r e t e d  owing t o  i n a b i l i t y  of 
calcium species t o  redisperse  themselves as occurs w i t h  potasium 
species. However r e s u l t s  obtained i n  l igni tes  w i t h  ion-exchanged 
calcium (3,5-7) do not  seem t o  have s o  g r e a t  tendency t o  deact ivate .  
To i n t e r p r e t  t h e  d i f f e r e n t  resu l t s  found i n  t h e  l i t e r a t u r e  (mainly 
caused by t h e  d i f f e r e n t  experimental conditions used, as well as, by 
t h e  n a t u r e  of t h e  gasif icat ion agents  and of t h e  carbon studied),it 
w i l l  be helpful  t o  develop a simple experimental technique able t o  
follow t h e  ca ta lys t  modifications over t h e  gasif icat ion react ion.  

Recently, a "in s i t u "  C02  chemisorption technique has been used 
t o  determine t h e  ac t ive  a r e a  of CaO par t ic les  i n  a carbon-CaO 
system, i n  o r d e r  t o  i n t e r p r e t  t h e  carbon-gas reac t ions  (8,9). T h i s  
t echnique  w i l l  be appl ied,  t o g e t h e r  w i t h  X-ray d i f f r a c t i o n ,  t o  
a n a l y s e  t h e  calcium deac t iva t ion  process d u r i n g  t h e  carbon 
gasif icat ion react ion.  The following f a c t o r s  have  been s tudied ,  a) 
i n i t i a l  ca ta lys t  dispers ion,  b) react ion tempera ture  and  c) react ion 
agents. In o r d e r  t o  simplify t h e  s tudy ,  t h e  carbon used has almost 
no imPUritieS and  has a large s u r f a c e  a r e a  and a highly accesible 
porosity, t o  minimize t h e i r  effects .  

EXPERIMENTAL 

A phenolformaldehide r e s i n  has  been t r e a t e d  i n  NE flow (5 K/min 
t o  1273 K, ih) t o  prepare t h e  carbon used f o r  this study. 

136 



I 

To increase i ts  calcium exchange capacity, t h e  carbon h a s  been 
oxidized i n  16N FINO3 solution (1 Q of carbon/lO m l  solut ion)  a t  
353 K t o  dryness and washed unt i l  f r e e  of n i t r a t e  ions. 

Calcium h a s  been loaded by ion-exchange from a 1.5M calcium acetate 
solution (7 g of carbon/50 ml solution); calcium loading obtained i S  
3.2 w t  %. The contact time of t h e  ion exchange (from 10 min t o  8 h) 
do not s ignif icant ly  change t h e  w t  % calcium uptake. 

Carbon r e a c t i v i t i e s  (1202 and  steam) a n d  C02 chemisorpt ion a t  
672 E has  been s tudied following t h e  thermogravimetrically (STA-780) 
experimental procedures described elsewhere (9,lO). 

RESULTS AND DISCUSSION: 

Figure 1 presents  C 0 2  r e a c t i v i t i e s  a t  1073 K (0.1 MPa) of f o u r  
samples w i t h  d i f f e r e n t  ac t iva t ion  degrees obtained by t rea tment  of 
t h e  or iginal  sample -0 % burn-off  i n  t h e  Figure- i n  C02 a t  1073 
K dur ing  d i f f e r e n t  react ion time. Reactivity decreases noticeably 
w i t h  gas i f ica t ion  time. Taking i n t o  account  t h a t  r e a c t i v i t y  
increases  l ight ly  w i t h  burn-off f o r  t h e  uncatalized samples (8), it 
seems reasonable t o  ascr ibe  t h e  r e a c t i v i t y  loss t o  changes ocur r ing  
i n  t h e  ca ta lys t  over t h e  gasif icat ion react ion.  

X-ray d i f f r a c t i o n  p a t t e r n s  f o r  these samples a r e  shown i n  Fig. 2. 
There is no evidence o f  calcium species f o r  t h e  original sample (0 X 
burn-off)  whereas CaC03 ref lect ion peaKs a r e  obta ined  f o r  t h e  
r e a c t e d  samples  i n  Cog (samples  were cooled i n  C02 
atmosphere before XRD s tudy) .  The absence of detectable c rys ta l l i t es  
i n  t h e  unreacted sample which is not caused by t h e  small w t  % 
calcium used (CaC03 r e f l e c t i o n  peaks h a s  been observed i n  a 
narrow porosity carbon using lower w t  X of calcium loading), is 
indicat ive of a h i g h  calcium dispers ion i n  t h e  carbon matrix: its 
par t ic le  s ize  sho,uld be lower t h a n  t h e  XRD technique de tec t ion  
limit. W i t h  increasing gasif icat ion level t h e  peaks sharpen;  t h e r e  
is a n  increase i n  c r y s t a l l i t e  size owing t o  a n  enlargement of t h e  
ca ta lys t  par t ic les .  T h i s  increase i n  par t ic le  size should be t h e  
responsible of t h e  deact ivat ion process observed in Figure 1. 

C02  chemisorption technique a t  573 K (8 ,9 ) ,  d u r i n g  30 min, h a s  
been applied t o  t h e  calcium/carbon samples, a f t e r  been h e a t  t reated 
i n  Ng (20 k/min) up  t o  1173 K (10 min). Heat t r e a t m e n t  
decomposes t h e  ion-exchanged calcium ( i n  t h e  case of t h e  unreacted 
sample) and  t h e  CaC03 ( i n  t h e  r e a c t e d  samples) t o  C a O .  The 
amount of C 0 2  chemisorbed is re la ted  t o  t h e  CaO present  a t  t h e  
sur face  of t h e  C a O  par t ic les .  

In Table I a r e  compiled, f o r  comparison purposes, t h e  average s ize  
of t h e  C a O  p a r t i c l e s  ob ta ined  by X-ray d i f f r a c t i o n  a n d  C02 
chemisorption. Both techniques  c lear ly  show a n  enlargement  of 
par t ic le  s ize  dur ing  t h e  gasif icat ion react ion.  X-ray d i f f r a c t i o n  
does not allow t o  deduce t h e  par t ic le  s ize  of  t h e  unreacted samples 
and gives s ign i f icant ly  l a r g e r  values  t h a n  chemisorpt ion.  T h i s  
happens because XRD has  a non-detectable particle range <5 nm which 
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displaces t h e  average p a r t i c l e  Slze t o  h i g h e r  values. Consequently 
XRD technique will be severely limited i n  a catalyzed gaaification 
reaction, considering t h a t  t h e  main c a t a l y t i c  a c t i v i t y  is due t o  
these v e r y  small par t ic les .  Furthermore XRD technique can not be 
applied "in situ" t o  t h e  TO reac tor ,  a s  it h a s  been done w l t h  
c o 2  c h e m i s o r p t i o n .  

From F i g u r e  3, where  t h e  COe r e a c t i v i t y  d a t a  a r e  p lo t ted  
versus t h e  C a O  average p a r t i c l e  s ize ,  deduced by chemisorption, 
it i s  ev ident  t h a t  r e a c t i v i t y  is func t ion  of t h e  catalyst  particle 
size. Gasif icat ion reac t ion  causes a noticeable reduct ion of t h e  
catalyst  sur face  a r e a  exposed t o  the react ion atmosphere -by an 
enlargement of i t s  p a r t i c l e  s ize-  and  t h e r e f o r e  a c a t a l y t i c  
ac t iv i ty  loss is observed w i t h  increasing t h e  ac t iva t ion  degree. 

Effect of i n i t i a l  ca ta lys t  dispers ion 

The e f f e c t  tha t  t h e  i n i t i a l  c a t a l y s t  d i spers ion  h a s  on t h e  
reac t iv i ty  and on its deact ivat ion behaviour over t h e  reaction t i m e  
has  been studied. The calcium/carbon sample has  been hea t  t reated in 
N 2  up t o  1223 K d u r i n g  two hours  i n  order  t o  modify its i n i t i a l  
dispersion. Figure 4 and 5 show respectively, t h e  evolutions of the 
C02 reac t iv i t ies  a t  1023 K and of t h e  C a O  sur face  a reas ,  versus  
t h e  act ivat ion degree f o r  both the  original and heat  t rea ted  sample. 

Reactivities have  been calculated from one simple TG experiment and 
a r e  expressed per  gram of t h e  i n i t i a l  w e i g h t  of t h e  carbon used. CaO 
surface a r e a s  a r e  obtained in t h e  TO reactor  w i t h  samples par t ia l ly  
reacted i n  COe i n  t h e  TG system. 

Heat  t r e a t m e n t  c a u s e s  a n o t i c e a b l e  decrease  i n  r e a c t i v i t y  
(comparable t o  t h a t  obtained dur ing  t h e  react ion i n  C02 a f t e r  a 
40 Z ac t iva t ion  degree) a s  well as a change i n  t h e  r e a c t i v i t y  
evolut ion prof i le .  

Figure 5 h a s  a very good parallelism w i t h  Figure 4 indicat ing t h e  
close r e l a t i o n  between ca ta ly t ic  r e a c t i v i t y  and avai lable  s u r f a c e  
a r e a  o f  t h e  catalyst. In t h a t  sence its noteworthy t o  point out t h a t  
t h e  hea t  t rea tment  causes a 50 Z reduct ion i n  both t h e  i n i t i a l  
r e a c t i v i t y  and the C a O  surface area. 

The d i f f e r e n t  r e a c t i v i t y  behaviours ,  of t h e  o r i g i n a l  and  h e a t  
t r e a t e d  sample, v e r s u s  a c t i v a t i o n  degree can be r e l a t e d  t o  a 
d i f f e r e n t  s i n t e r i n g  process caused by t h e  hea t  treatment. After 20 Z 
burn-off t h e r e  is f o r  t h e  t r e a t e d  sample a much lower deactivation 
process t h a n  for t h e  or iginal  sample. 

Effect of reac t ion  temperature 

Figures 6 and 7 show respectively C 0 2  r e a c t i v i t y  (a t  1023 a n d  
1073 K) a n d  C a O  d i s p e r s i o n  (obtained from Cog chemisorpt ion) ,  
plotted versus  t h e  ac t iva t ion  degree. Again it is impor tan t  t o  
recall t h e  shape  s i m i l a r i t y  of these  two f i g u r e s  which corroborates 
t h e  ca ta l i tyc  a c t i v i t y  and t h e  C a O  dispers ion relat ionship.  T h e  
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r e a c t i v i t y  loss is h igher  t h e  h i g h e r  is t h e  react ion tempera ture  
used owing t o  a g r e a t e r  s i n t e r i n g  process. 

It 1s in te res t ing  t o  note i n  Figure 7 t h a t  t h e  i n i t i a l  dispers ions 
( for  samples with 0 % burn-off)  a t  1023 and 1073 K, a r e  not t h e  
same. The reason is t h a t  CaC03 formation is much favoured a t  
1023 K t h a n  a t  1073 K, a s  it has been checked by XRD and  TU-DTA 
technique  (8). There  is a n  i n s t a n t a n e o u s  decrease i n  calcium 
dispers ion  when C 0 2  i s  i n t r o d u c e d  i n  t h e  r e a c t o r  a t  1023 K 
b e f o r e  t h e  a c t i v a t i o n  process  s ta r t s .  CaC03 f a v o u r s  t h e  
s in te r ing  process respect  t o  CaO.  

A closer look t o  Figures 6 and 7 shows t h a t  decreasing t h e  reaction 
temperature  r e a c t i v i t y  decreases i n  a f a c t o r  of 3 (burn-off degree 
<20 %),while C a O  sur face  a r e a  only decreases i n  a f a c t o r  of 1.5. 
These resul ts  seems t o  make clear t h a t  besides t h e  importance of t h e  
ca ta lys t  dispers ion t h e r e  is a n  addi t iona l  e f fec t  caused by t h e  
chemical changes i n  t h e  ca ta lys t  due t o  t h e  d i f f e r e n t  r e a c t i o n  
temperatures  used. For a given temperature ,  t h e  r a t e  changes i n  
reac t iv i ty ,  a r e  very s imilar  t o  t h e  r a t e  change observed i n  t h e  
dispersion degree a s  also happened i n  Figs. 4 and 5. 

Effect of react ion atmosphere 

Calcium ca ta ly t ic  a c t i v i t y  has been s tudied  i n  C 0 2  (0.1 MPa) and 
i n  steam (19.7 KPa) a t  1073 K. Figure 8 and 9 s h o w  respectively 
r e a c t i v i t y  and C a O  sur face  a r e a  resul ts  versus reaction time. Figure 
0 clearly reveals t h a t  calcium a c t i v i t y  is much h i g h e r  i n  C02 
t h a n  i n  steam u n d e r  t h e  exper imenta l  condi t ion used. I t  is 
noteworthy t h a t  d u r i n g  gasif icat ion i n  steam t h e  ca ta lys t  keeps a 
constant  a c t i v i t y  i n  cont ras t  w i t h  t h e  behaviour  observed i n  C02 
atmosphere. Reactivity resul ts  a r e  confirmed and become evident from 
t h e  changes observed i n  t h e  catalyst surface area,  as a function of 
t h e  react ion atmosphere, i n  Figure 9. In steam no appreciable change 
i n ,  t h e  ca ta lys t  sur face  a r e a  is observed. The burn-off  degrees 
obtained i n  both reactions, a f t e r  react ion time of 20 and  00 min, 
f o r  C 0 2  and steam respec t ive ly ,  a r e  comparable. 

Considering t h a t  both reac t ions  have been studi.ed a t  t h e  same 
react ion temperature ,  it is evident  that  t h e  gas phase atmospheres, 
a s  well as  t h e  d i f f e r e n t  p a r t i a l  p ressures  used a f fec t  t h e  chemical 
composition of t h e  ca ta lys t  and i ts  s i n t e r i n g  behaviour. In C02 
atmosphere (0.1 MPa) t h e  ca ta lys t  is very  ac t ive  and t h e  react ion 
mechanism involves a t ransformation of t h e  act ive specie (probably 
CaO) t o  CaC03, a s  it h a s  been proved by XRD. The CaC03 shows 
a promoted s i n t e r i n g  behaviour  due t o  t h e  h i g h e r  C02 p a r t i a l  
pressure i n  t h e  system. However i n  steam (19.7 KPa), where t h e  
ca ta lys t  a c t i v i t y  is q u i t e  smaller ,  t h e r e  is  no evidence of a 
complet t ransformation of t h e  ac t ive  phase t o  carbonate  because of 
t h e  C 0 2  p a r t i a l  p r e s s u r e  is v e r y  low. The calcium species  
present  under  t h e  steam gas i f ica t ion  will be: mainly CaO, some 
Ca(OH)2 (which will decompose t o  C a O )  a n d  a small amount of 
~ a C 0 3 .  The lower tendency of CaO r e s p e c t  t o  C a C 0 3  t o  s i n t e r  
IS evident  from Figure 9 as it is also expected from t h e  Tamman 
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Temperature (1501 and 838 K respectively). 

CONCLUSIONS 

A polymer carbon of h i g h  p u r i t y ,  h i g h  s u r f a c e  a r e a  and easy 
accesibi l i ty  t o  t h e  porous s t r u c t u r e  provides a simple medium t o  
s tudy  t h e  calcium deact ivat ion d u r i n g  g a s i f i c a t i o n  r e a c t i o n s  i n  
C 0 2  a n d  s t e a m .  

XRD technique has severe l imitat ions t o  be applied i n  t h e  s tudy of 
catalyzed carbon gasification., The range of undetected p a r t i c l e s  
s izes  a r e  expected t o  be the m o s t  a c t i v e s  i n  t h e  g a s i f i c a t i o n  
reactions. C02 chemisorpt ion t e c h n i q u e  is able  t o  measure t h e  
specif ic  sur face  a r e a  of the ac t ive  calcium species, without need t o  
t a k e  t h e  sample o u t  of t h e  reactor. 

Catalyst deac t iva t ion  d u r i n g  t h e  reaction is a direct  consequence of 
a loss i n  ac t ive  s u r f a c e  a r e a  (or enlargement of t h e  par t ic le  size). 
Heat t r e a t m e n t ,  r e a c t i o n  gas and r e a c t i o n  t e m p e r a t u r e  h a v e  a 
remarkable importance i n  t h e  calcium deact ivat ion process.Reactivity 
resu l t s  f o r  t h e  d i f f e r e n t  f a c t o r s  s tud ied  a r e  closely related t o  
C 0 2  c h e m i s o r p t i o n  d a t a .  
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%burn-off XRD C 0 2  
9 3.3 

Average CaO part ic le  size ( n m  ) 13 3.6 
by XRD and C02 chemisorption 40 18 4.6 

Table 1 
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Figure 1 .  C02 Reactivity a t  1073K 

versus degree of activation. 
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F'igure 2. X-Ray diffraction prof i les  of samples with different 
degree of activation. 
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F i g u r e  4 .  COP Reactivity a t  1023K versus degree of activation. 
0 original sample, heat treated sample. 
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Figure 5. CaO surface area versus degree of activation.lOlorigina1 
sample. (Olheat treated sample. 
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Figure 7 .  

Figure 6.  C02 Reactivity versus degree of  activation. 
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Figure 7. CaO Dispersion versus degree of activation. 
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Figure 9. 

Figure 8 .  Reactivity i n  C02 (0) and steam ( 0 )  a t  1073K 

versus time of reaction. 

Figure 9 .  CaO Surface area in  C02 (0) and steam ( 0 )  versus 

time of reaction. 
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